Objective: The mixed methods appraisal tool (MMAT) was developed for critically appraising different study designs. This study aimed to improve the content validity of three of the five categories of studies in the MMAT by identifying relevant methodological criteria for appraising the quality of qualitative, survey, and mixed methods studies.
Introduction
Systematic reviews are considered among the best available sources of research evidence and are increasingly relied on to inform decision-making [1] . The past 40 years have seen increasingly rapid methodological advances in the field of systematic reviews and research synthesis. Initial developments mainly focused on meta-analysis for addressing questions on the effectiveness of interventions, and the emphasis was on randomized controlled trials [2, 3] . Since the early 2000s, researchers have shown a growing interest in systematic mixed studies reviews,
What is new?

Key findings
A revised version of the Mixed Methods Appraisal Tool (MMAT) was developed and includes 25 criteria on five categories of studies. This critical appraisal tool was developed to assess the methodological quality of various study designs, including mixed methods studies.
What this adds to what was known
The first version of the MMAT was published in 2009. We further developed the MMAT based on experts' opinions to improve its content validity.
This study adds to the literature on the quality of qualitative, survey and mixed methods research, which is still sparse and lacking consensus.
What is the implication and what should change now?
A new content validated version of the MMAT was developed and can be useful for the critical appraisal process in systematic reviews combining qualitative and quantitative evidence.
which combine quantitative, qualitative, and mixed methods studies to address other types of review questions concerned with, for instance, the acceptability of an intervention, participants' satisfaction, or barriers to implementation (see Supplementary File 1) . Systematic mixed studies reviews are particularly useful for providing in-depth answers to complex clinical problems and practical concerns. Several challenges, however, are encountered in these reviews because of the heterogeneity of included study designs. One of these challenges pertains to the critical appraisal of included studies.
Critical appraisal consists in a systematic and careful examination of studies to ensure they are trustworthy, valid, and reliable [4, 5] . It is an essential step in systematic reviews to ensure that their recommendations and conclusions reflect the quality of the evidence reviewed [6] . Since reviewers' judgment of a same study can vary greatly, critical appraisal tools have been developed to help reviewers appraise study quality in a more consistent, transparent, and reproducible way [7e9] . A critical appraisal tool (also named quality assessment tool or risk of bias tool) is a scale or checklist in which a list of criteria/domains is suggested to appraise the quality of a study. Extant reviews of critical appraisal tools have identified over 500 tools (see Supplementary File 1) . Most of these tools are specific to a particular research design or method. It is, thus, complex and time consuming to conduct systematic mixed studies reviews as reviewers must search for and learn how to use several different tools to complete the critical appraisal of the qualitative, quantitative, and/or mixed methods studies included in each review.
To address the challenge of critical appraisal in systematic mixed studies reviews, a unique tool for assessing the quality of different study designs was developed: the Mixed Methods Appraisal Tool (MMAT) [10] . The MMAT was first published in 2009 and has five sets of criteria for: (a) qualitative (such as case study and grounded theory), (b) randomized controlled trials, (c) nonrandomized (such as cohort studies and case-control studies), (d) quantitative descriptive (such as surveys and case series), and (e) mixed methods studies. When appraising mixed methods studies, three sets of criteria are assessed in no particular order: (a) the qualitative set, (b) a quantitative set (either randomized controlled, nonrandomized or quantitative descriptive studies), and (c) the mixed methods set. In doing so, the MMAT acknowledges the methodological distinctive characteristics specific to each component used in mixed methods studies (i.e., qualitative, quantitative, and mixed methods) [11] .
Previous studies on the interrater reliability of the MMAT reported that agreement scores ranged from poor to perfect [12, 13] . This suggests the need for clarification of some criteria in the MMAT, particularly those related to qualitative and nonrandomized studies, for which lower agreement was observed. In addition, in interviews conducted with MMAT users to explore their views and experiences of the MMAT, concerns were raised about whether the tool included enough criteria to judge the quality of studies and criteria that were difficult to judge, in particular the criteria for qualitative and mixed methods studies [14] . This suggests a need to improve the content validity of the MMAT. The content validity of an assessment tool is defined as the degree to which criteria are relevant to and representative of their targeted construct [15] . A conceptual framework on the quality appraisal in systematic mixed studies reviews was developed in which three dimensions of quality were presented: reporting, conceptual, and methodological [16] . Reporting quality relates to the transparency, accuracy, and completeness of the information provided in a paper. Conceptual quality concerns the insight that can be gained about the phenomenon of interest. The methodological quality concerns the validity or trustworthiness of a study and is related to the methodology and methods used and how biases were minimized. In the MMAT, the targeted construct is the methodological quality of studies appraised in systematic mixed studies reviews.
Currently, the existing literature on critical appraisal has focused, for the most part, on randomized controlled trials, cohort studies, and/or case-control studies, and several validated tools can be found for these study designs. This literature will inform the criteria on randomized controlled trials and nonrandomized studies to revise in the MMAT. However, for other designs, such as qualitative, survey, and mixed methods, critical appraisal is more challenging because validated tools are rare and there is no clear consensus on how their quality assessment should be performed [17e19] .
The objective of this study was to improve the content validity of the MMAT by identifying the most relevant methodological criteria for appraising the quality of qualitative, survey, and mixed methods studies. This study focused on these three categories of studies because of the scarcity of literature and lack of consensus.
Methods
Two phases were conducted: (a) a literature review to identify existing criteria and (b) a modified e-Delphi technique. The Delphi technique is used to reach consensus among a group of experts [20] and is particularly suitable to build consensus on issues that have limited or contradictory evidence [21] . It has been used for the development of other critical appraisal tools for different types of studies such as prognostic studies, case series studies, crosssectional studies, studies on measurement properties, and randomized controlled trials (see Supplementary File 1). The Delphi technique is characterized by two or more rounds of questionnaires with controlled feedback, statistical group response, and anonymity [20] . There are different types of Delphi designs [20] . We used a modified e-Delphi, meaning that the Delphi was administered via an online web survey and used preselected methodological criteria in the first round.
Phase 1: literature review
To identify methodological criteria, we performed a literature review of critical appraisal tools for qualitative, surveys, and mixed methods studies. In the MMAT, because surveys are part of the quantitative descriptive studies category, we also included tools that were related to crosssectional and prevalence studies.
Sources
Two main literature sources were used. The first was a review of systematic mixed studies reviews that was carried out in 2015 [22] . In this review, six databases (MEDLINE, PsycINFO, Embase, CINAHL, AMED, and Web of Science) were searched from inception of each database until December 8, 2014 and analyzed 459 reviews. The second was 15 reviews on critical appraisal tools identified from citation tracking of tools found in the first source and from reviews known to the authors of this paper (see Supplementary File 1) . Also, based on the findings of our review of systematic mixed studies reviews [22] , we also considered tools often used and which were developed by three leading international institutions: Critical Appraisal Skills Programme, Joanna Briggs Institute, and National Institute for Health and Clinical Excellence.
Selection criteria
Critical appraisal tools assessing methodological quality were retained, whereas tools limited to the quality of reporting of studies were excluded. Tools that included both reporting and methodological quality criteria were retained and only the methodological quality criteria were considered. We only retained appraisal tools that provided a clear description of their development with a group of experts or that had been subject to validity or reliability testing.
Identification of items
For each retained appraisal tool, all the criteria were extracted and entered in a spreadsheet by one person (QNH). Two team members (QNH, PP) independently screened the list to include methodological quality criteria. The following were excluded: criteria limited to the quality of reporting (e.g., the response rate is reported); generic criteria, that is, criteria that were related to the general steps for conducting any research study (e.g., the problem is accurately depicted or ethical issues are adequately considered); and criteria that were specific to a topic (e.g., the ethnic composition of the population studied is recorded or the topic is relevant to primary health care). Duplicates and criteria on the same concept were removed (e.g., reflexivity of the account and evidence of reflexiveness in the process). The preliminary list was sent to all members of the research team (authors of this paper) who had backgrounds in qualitative, epidemiology, and mixed methods studies. They were asked to review the list, identify the criteria that were unclear, and suggest modifications, if necessary. They were also asked to suggest criteria they felt were missing from the list.
Phase 2: two-round modified e-Delphi study
Three method-specific panels of experts were asked to complete two rounds of Delphi questionnaires to identify the most relevant methodological criteria for critical appraisal. Relevance was defined as the appropriateness of the elements to the targeted construct [15] . In this study, the targeted construct was the methodological quality of studies.
Sample
For each panel, a purposeful sample of international experts was constituted. An expert is defined as an individual with knowledge and skills in a specific area [23] . For the purposes of this e-Delphi, the experts were researchers working in an academic or research institution with research interests in the methodological development of either qualitative, survey, or mixed methods studies. To identify the experts, the lead author performed a search of books and methodological papers in Google Scholar, the McGill Library catalog, and Amazon. Then, the biographies of publications' authors were consulted on the World Wide Web to verify their research design expertise (e.g., by checking their research interest and expertise, courses taught, and scientific publications). The lead author compiled the list of experts, categorized by research design, and submitted it to the full research team, asking members to add any missing experts. A total of 196 experts (i.e., potential participants) were retained.
Data collection and analysis
The questionnaires were put online using the LimeSurvey software hosted on the McGill University server. Pilot testing of the online questionnaires was conducted with one professor, two graduate students, and one research associate to obtain feedback regarding the clarity of the instructions, ease of completing the questionnaires, technical difficulties encountered, and to estimate the time needed to complete the task.
In Round-one, the experts were asked to rate the relevance of each criterion. A 5-point Likert scale was used, ranging from 1 5 not at all relevant to 5 5 extremely relevant. Space was included at the end of the questionnaire for participants to provide comments and suggestions. A 1-month turnaround time was given for panel members to complete the questionnaire. Based on the comments provided in Round-one, some criteria were modified and new criteria were added. A summary table of the results including group ratings and comments obtained in this round was prepared. This table was used to provide controlled feedback and statistical group response to participants, two important characteristics of the Delphi technique [24] .
For Round-two, each participant was sent the summary table including a reminder of their responses and a new questionnaire to complete. The participants were asked to (re)rate all criteria using the same 5-point Likert scale. In addition, a ''cannot answer'' response category was added (at the request of participants). Space was provided at the end of each question for comments and suggestions. The data of Round-two were summarized by calculating an agreement index. For each item, the number of experts rating criteria as very relevant or extremely relevant was divided by the total number of experts. For each item, we considered that consensus had been reached if the agreement index was 0.80 or more.
We used the agreement indexes and the comments from Round-two as well as the literature review on critical appraisal tools to inform the revision of the MMAT. Specifically, we verified if the criteria in the current version of the MMAT (version 2011) were among those with an agreement score 0.80. If not, we considered how they could be modified or replaced with new ones on similar concepts. Experts' comments were used to reformulate some criteria.
Ethics statement
This project was approved by the Institutional Review Board of the Faculty of Medicine Research and Graduate Studies Offices from McGill University (ethics certificate number # A05-E26-15B). An electronic consent form was included in the questionnaire of Round-one. All experts provided informed consent to participate in this study and to be acknowledged in this paper. The responses were kept anonymous to the panel, and no personally identifiable information was presented in the data file used for the analysis.
Results
Phase 1: literature review
A total of 18 critical appraisal tools were retained (see Supplementary File 1): nine for qualitative studies, seven for surveys, including cross-sectional and prevalence studies, and two that included criteria for judging the quality of qualitative and quantitative studies. Because only one tool with criteria specific to mixed methods studies was retained [10] , the results of a recent literature review performed by a member of our research team on the quality of mixed methods studies were used [25] . In this latter review, the authors analyzed 64 articles on the quality of mixed methods studies and identified 46 criteria [25] .
Overall, 383 criteria were extracted from the included literature (238 for qualitative studies, 99 for surveys, and 46 for mixed methods studies), of which 286 (75%) were removed because they were either duplicate, generic, topic related, or limited to reporting quality. The remaining 97 criteria were presented to the research team to assess their comprehensiveness and clarity; 38 were removed because they were not clear or similar to other criteria. Also, a member of the research team suggested adding one criterion on the content validity for surveys. The 60 retained criteria included 20 for qualitative studies, 20 for quantitative descriptive studies, and 20 for mixed methods studies. Table 1 presents the number of participants in each round of the modified e-Delphi and for each of the three panels. A total of 73 experts from 11 different countries participated in Round-one: Australia (n 5 2), Belgium (n 5 3), Canada (n 5 11), England (n 5 9), Estonia (n 5 1), Germany (n 5 1), the Netherlands (n 5 4), Norway (n 5 1), Spain (n 5 1), Switzerland (n 5 1), and the United States of America (n 5 39). Based on the results of Round-one, of the initial 60 criteria, six criteria were removed, 25 criteria were reformulated, and eight new criteria were added; two qualitative studies criteria were removed, 15 modified, and two added; three survey criteria were removed, nine modified, and three added; one mixed methods studies criterion was removed, one modified, and three added. Thus, the Round-two questionnaires included 62 criteria: 21 criteria for qualitative studies, 20 criteria for surveys, and 21 criteria for mixed methods studies. The new questionnaires were sent to the 73 participants from Round-one, 56 of whom completed Round-two (Table 1) . Consensus was reached for six qualitative studies criteria, eight survey criteria, and seven mixed methods studies criteria. The results of Round-two are presented in Tables 2e4.
Phase 2: modified e-Delphi
Update of the mixed methods appraisal tool (MMAT)
In light of the results, 8 of the 11 criteria in the MMAT (version 2011) were modified: two were reformulated, four replaced, and two removed. Moreover, six new criteria were added. Supplementary File 2 presents the initial and new criteria.
Qualitative studies criteria
Two criteria included in the MMAT (version 2011) were not considered among the most relevant criteria to appraise in this modified e-Delphi: criterion 1.3 on the influence of the context and criterion 1.4 about of researchers' reflexivity. Some experts considered that this latter criterion might not always be reported, given space limitations in journal publications. Inadequate reporting in qualitative studies is an important barrier to critical appraisal [26] . Based on these results, the research team decided to replace criteria 1.3 and 1.4 by three new criteria that reached high level of consensus in Round-two: one on the relevance of the qualitative approach to address the research question ( Table 2 , criterion #1); one on the coherence between data sources, collection, analysis, and interpretation ( 
and 19)
. In Round-one, they were combined, but experts requested they be separated because they address two different constructs (plausibility of finding vs. sufficient substantiation of findings). The latter criterion was retained for the new version of the MMAT because the agreement index was slightly higher than the former and plausibility might be more difficult to judge. In addition, modifications were made to the first two qualitative criteria. The word ''interviews'' was added to criterion 1.1, and the word ''relevant'' was replaced by ''adequate''. Criterion 1.2 on analysis was reformulated and the word ''objective'' was removed (see Supplementary File 2).
Survey criteria
Experts reached consensus on eight criteria. Some of these criteria addressed similar constructs and were thus combined. For example, to judge if a sample is representative of the target population (Supplementary File 2, criterion 4.2 in the MMAT), the target population needs to be clearly defined (Table 3 , criterion #1), and the study participants and setting need to be detailed (Table 3 , criterion #2).
Concerning measurement bias, we included six criteria in the questionnaire but none achieved consensus. Several experts mentioned that the criteria on measurement could be useful in some circumstances but not all. In the literature, measurement error is an important aspect to consider when conducting a survey [27] . Thus, no change was made to criterion 4.3 in the MMAT.
The original MMAT criterion on response rate was replaced with one on nonresponse bias (Supplementary File 2, criterion 4.4). The appropriateness of the response rate for surveys is often requested in appraisal tools. Some will use a cutoff (e.g., 60%). However, the experts mentioned that the cutoff value is arbitrary and that less emphasis should be put on a norm. Instead the focus should be placed on nonresponse bias. This concurs with studies reporting a weak association between response rate and nonresponse bias [28] .
One criterion on the appropriateness of statistical analysis reached consensus for relevance by the experts (Table 3 , criterion #14) and was added to the MMAT. Also, criterion #16 on confounding factors being accounted for in the analysis achieved consensus among the experts. This criterion was not added in the section quantitative descriptive studies of the MMAT because it is mainly applicable for analytical surveys. Analytical studies are addressed in another section of the MMAT.
Mixed methods studies criteria
All three MMAT criteria pertaining to mixed methods were replaced. The first criterion on the relevance of (Table 4, criteria #6, 9, 11) . For the MMAT, we retained the criterion #6 (quantitative and qualitative components of the study are effectively integrated) because it was also mentioned in other studies as among the most prevalent criterion for assessing the quality of mixed methods studies [17, 29] . Also, some experts suggested avoiding the reference to qualitative and quantitative components in the formulation of the criteria. We replaced ''quantitative and qualitative components'' by ''different components''. In mixed methods studies, integration can be considered at different levels (e.g., philosophical, methodology, methods, data collection, and analysis techniques), and one expert suggested being more precise on what is being integrated. In a review on mixed methods studies, Pluye et al. [30] identified nine strategies for integrating phases, results, or data. Also, Fetters, Curry, and Creswell [31] identified three integration levels (design, methods, and interpretation/reporting). Because integration can vary depending on how the study was conducted, no further information was added in the criterion to keep it comprehensive.
The third criterion on limitations in mixed methods studies (Supplementary File 2, criterion 5.3) was replaced with one on meta-inferences (Table 4 , criterion #13) and one on divergences (Table 4 , criterion #12). Several experts mentioned that the term ''meta-inference'' was unclear. This criterion was reformulated as follows: The outputs of the integration of qualitative and quantitative components are adequately interpreted (Supplementary File 2) .
One criterion was added about the trustworthiness of the qualitative and quantitative components (Table 4, criterion  #18 ). Yet, the use of the term ''trustworthiness'' did not reach consensus among the experts (some considered this term to be associated with qualitative research). Other terms were suggested such as legitimation, validity credibility, and integrity. To avoid entering into a semantic debate, we decided to reformulate this criterion based on the work of F abregues, Par e, and Meneses [29] : The different components adhere to the quality criteria of each tradition of the methods involved. As mentioned earlier, the MMAT was conceived as a building block. Thus, the appraisal of the quality of each component in mixed methods studies is done using the criteria from the other sets in the MMAT.
Discussion
A framework for developing assessment tools has been proposed in which three main stages are defined: initial steps, tool development, and dissemination [32] . This study is situated in the tool development stage by generating and seeking for consensus on criteria for three of the five study categories included in the MMAT (qualitative, survey, and mixed methods studies). We used a modified e-Delphi technique to identify the most relevant criteria for appraising the quality of these three categories. Consensus was reached for six criteria related to qualitative studies, eight for surveys, and seven for mixed methods studies. Results of this study improved the content validity of the MMAT, informed its revision, and led to propose a new version (MMAT version 2018) .
Three main changes have been made to the MMAT. In the previous version, the MMAT had four criteria for each category of studies. Based on our results, the revised version is composed of five criteria for each category of studies, and changes were made in some criteria of the MMAT (see Supplementary File 2) . Another change concerns the overall numerical score. In the previous version, an overall score could be calculated by counting the number of criteria rated ''yes''. Currently, in the literature on critical appraisal tools, it is discouraged to calculate an overall score because it does not provide information on what aspects of studies are problematic and provide equal weight to all criteria [33e37]. On this basis, it was decided to remove the overall numerical score from the MMAT. Instead, it is advised to provide a detailed presentation of the ratings of the criteria to better inform the quality of the included studies and encourage performing sensitivity analysis. Third, changes were made in the user manual and an algorithm was added to help MMAT users choose the set(s) of criteria to use. The algorithm was developed based on existing algorithms of quantitative study designs (see Supplementary  File 1) . The version 2018 of the MMAT is available at this website: http://mixedmethodsappraisaltoolpublic.pbworks. com/ (see Appendix 1) .
The results of the critical appraisal of individual studies can be used to assess the overall quality of evidence and strength of the recommendations, that is, to judge how much confidence to place in the body of evidence. Several approaches for rating the overall quality of evidence have been developed, such as Grading of Recommendations, Assessment, Development and Evaluations (GRADE) [38] and GRADE-Confidence in the Evidence from Reviews of Qualitative research (CERQual) [39] . In these approaches, the methodological quality of individual studies (or risk of bias) is one factor that is considered among others such as the relevance of the evidence to answer the review question (indirectness), variation across studies (inconsistency), and random error on evidence (imprecision).
There is a need to further content validate the criteria identified in this study, particularly for surveys. In this study, no criteria related to measurement and response rate biases in surveys made consensus (Table 3 ). This might be due to the fact that diverse sources can influence measurement errors (e.g., questionnaire, data collection method, interviewer, and respondent) [27] and can vary from one study to the other. As for response rate, different indicators can be used to judge nonresponse bias such as identifying the reasons for nonresponse, determining if the respondents and nonrespondents differ on the survey variable of interest and weighting for nonresponse [27] . Although no specific criteria on measurement and response rate reached high level of consensus, the research team decided not to exclude these two biases from the MMAT because they are often mentioned in the literature [27, 40, 41] . Further content validation work is needed to refine these criteria. Also, in the MMAT version 2011, surveys are included in the broad ''quantitative descriptive studies'' category. We focused on surveys because they are often included in systematic mixed studies reviews, the existing tools have not been developed with experts, and surveys are among the most commonly used methods in mixed methods studies [42] . Subsequent research should verify if the new criteria are applicable to other quantitative descriptive study designs.
Developing clear critical appraisal criteria is challenging. Experts provided several comments regarding the terms used in the criteria. For example, terms like ''relevant,'' ''adequate,'' and ''appropriate'' were considered ambiguous. These terms are often used in critical appraisal tools of qualitative research [19] . Compared to reporting quality criteria, methodological quality criteria are more difficult to interpret because the reviewers need to judge whether the results that are reported can be trustworthy [43] . Also, criteria may be interpreted differently depending on the topic and context of the study.
The MMAT differs from other critical appraisal tools in several ways. To assess the quality of mixed methods studies, O'Cathain [11] suggested three different approaches: (a) generic research approach, (b) individual component approach, and (c) mixed methods approach. According to our review, the MMAT is the only tool that includes specific criteria for mixed methods studies [44] . With its five different sets of criteria, the MMAT uses a combination of individual component and mixed methods approaches. Other tools used in systematic mixed studies reviews approach critical appraisal differently. For example, Crowe and Sheppard [36] use a generic approach by proposing one set of criteria that could be applied to any design. Others, such as those from the Critical Appraisal Skills Programme, Joanna Briggs Institute, and National Institute for Health and Clinical Excellence, propose one tool for each different study design (individual component approach). Also, some tools such as the Quality Assessment Tool for Studies with Diverse Designs (QATSDD) [45] use a combination of generic and individual component approaches, with generic criteria applicable to several designs and specific criteria for qualitative and quantitative studies.
In addition, the MMAT is distinct from the other tools in that it focuses on methodological quality criteria and consists of a small number of items. Similar to other risk of bias tools [46] , the MMAT focuses on the core criteria that may hinder the validity of the findings of a study. Some criteria (such as information on ethical considerations), though essential in a research process, may have less impact on the validity of a study compared to other methodological criteria (such as appropriate measurement).
Strengths and limitations
Given that we found 15 reviews analyzing more than 500 critical appraisal tools, we considered that an overview of these reviews was an efficient approach to meet our objectives. Yet, it is likely that not all critical appraisal tools were included in the literature review because the search strategy did not include tools published in books and developed after 2015. For example, two recent literature reviews on tools for qualitative studies analyzed more than 100 tools [19, 47] . Also, we limited our review to tools that had been validated or tested for reliability. Although it is possible that we did not identify all eligible critical appraisal tools, the pool of items we identified included over 75% criteria that were generic, reporting quality and duplicate. This suggests that our sample included the main criteria.
The number of experts on the three panels in Round-two ranged from 15 to 21. There is no rule regarding the required sample size for a Delphi. Some authors suggest a panel of 8 to 12 participants, whereas others recommended 300 to 500 [20] . One important factor to take into consideration when determining the size is the composition of the sample (homogeneous or heterogeneous). Usually, a smaller sample, such as 10 to 15 participants, is considered sufficient for homogeneous samples [20] . Similarly, there is no clear recommendation regarding the number of experts needed for content validation. Lynn [48] suggested that five experts could be sufficient. Polit, Beck, and Owen [49] recommended having 8 to 12 experts for the first round. Given this, because our samples were relatively homogenous in terms of experts' methodological expertise, their sizes may be considered acceptable.
Not all those who conduct systematic reviews are researchers with methodological expertise. Our study could have benefited from including such individuals in our panels of experts. For instance, the experience of health technology assessment practitioners or clinicians with experience in systematic reviews could have contributed to identifying relevant criteria to appraise. Future research and pilot testing of the MMAT could include this population.
The decision to use an agreement index threshold of 0.80 used in this study was arbitrary. There is no standard threshold for determining consensus in a Delphi study. Studies have used values varying from 0.50 to 0.80 [20] . In a previous study, it was found that criteria with an index of 0.78 or higher were indicative of good content validity [48] . Because the aim of this study was to identify core sets of criteria for validity content purpose, it was decided to use a high threshold.
Likert scales may have some limitations related to central tendency and desirability biases [50] . To limit this bias, we calculated frequencies (instead of means) and considered two ratings (very relevant and extremely relevant) to compute the agreement index.
Conclusion
The MMAT can facilitate the critical appraisal process in systematic mixed studies reviews by providing, within a single tool, methodological quality criteria for different designs. This modified e-Delphi sought experts' consensus on the methodological quality criteria of qualitative, survey, and mixed methods studies. The results led to replacing and clarifying the criteria of three of the five categories of studies in the MMAT and improving its content validity. Additional validation research on the MMAT is still needed, in particular, its discriminatory validity and interrater reliability. 
